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(1) (Scheme I) Successive treatment of 3-butyn-1-ol (~) with 
acetyl chloride, dicyclohexylborane-d 1 , and acetic acid-O-d 2 
afforded cis-3-buten-l-yl 3,4-d 2 acetate (~). Conversion 
of this cis-3,4-d 2 alkene 6 to the corresponding epoxide I 
allowed nmr analysis of the deuterium content of each olefinic 
position and confirmed the cis-3,4-d 2 assignment in 6. 3 
Hydroboration·of cis-l-butenyl-3,4-d 2 acetate (~),oxidative 
work-up, and reaction with methanesulfonyl chloride afforded 
threo-l,4-butanediyl-l,2-d 2 dimethanesulfonate (~). Reaction 
of the dimethanesulfonate 8 with dimethyl hydrazine-1,2-
dicarboxylate and sodium hydride afforded dimethyl cis-tetra-
hydropyridazine-1, 2-dicarboxylate-3 ,4-d2 (~) (93% d2 , 7% 
d 1 ). 5 ,6 Hydrolysis of the diurethane ~followed by decar-
boxylation was carried out under an inert atmosphere (N 2 ) 
using thoroughly degassed solvents. The cis-hydrazine-3,4-
d2 product .!_Q_ was distilled on a vacuum lime (10- 4 Torr). 
Oxidation of the pure hydrazine !Q. in benzene-dG to the cor-
responding cis-3,4-d2 azo compound ~was accomplished by 
treatment with oxygen and monitored by nmr.s 
(2) Aldrich, 98%-0-d. 
(3) The chemical shifts of Ha, Hb, and He 4 for the epoxide of 
cis-3,4-d 2 I, runr integration indicates Ha= 1.00, Hb = 0.09±· 
0.02 and He < 0.02 hydrogens,respectively. 
(4) Silverstein, R.M.; Bassler, G.C. "Spectrometric Identification 
of Organic Compounds", 2nd ed. John Wiley and Sons Inc., New 
York, N.Y. 1967, p. 137. 
(5) This reaction has been shown to be > 95% stereospecific, ie 
threo-3-methyl-1,4-pentanediyl-l,4-dimethanesulfonate affords 
dimethyl ci~-3,4-dimethyltetrahydropyridazine-l,2-dicarboxy-
late and erythro-dimethanesulfonate affords trans-3,4-di-
substi tuted diurethanes. 
(6) Deuterium content was obtained by mass spectral 7 comparison 
with dimethyl hexahydropyridazine-1,2-dicarboxylate. 
(7) Caltech Analytical Facility. 
(8) Tetrahydropyridazine is an extremely sensitive compound and 
suffers facile irreversible azo to hydrazone tautomerization 
in the presence of trace amounts of acid, base, and light. 
( 9:) Tr ea tmen t of cyclobutene C.!.!) with diimide-d 2 (N 2 D2) 10 
afforded cis-cyclobutane-l,2-d2 (~); ir (gas) 2990 (C-H), 
2200 (C-D), 1450 (CH 2), 1307 (CHD), 569, 562, (1294 < 2% 
trans-d2 !); ms (9.0 ev) d2/d 1 = 89.3/10.7±1. An alterna-
tive route involves successive treatment of cyclobutene C.!.!) 
with m-chloroperbenzoic acid, lithium triethylborodeuteride, 11 
tosyl chloride, and lithium triethylborodeuteride, 11 affording 
cis-cyclobutane-1,2-d2 (~), d2 /d 1 c 95.5/4.5±1. Similarly, 
successive treatment of cyclobutene C!!) with borane-d 3 , 12 
hydrogen peroxide, tosyl chloride, and lithium triethylboro-
deuteride 11 afforded trans-cyclobutane-1,2-d 2 (!); ir (gas) 
2950 (C-H), 2190 (C-D), 1450 (CH 2 ), 1294 (CHD), 579, 543 
(562 < 2% cis-d2 3), d2 /d 1 = 95.5/4.5±1. Reaction of 
cyclobutanyl tosylate with lithium triethylborodeuteridell 
afforded an authentic sample of cyclobutane-d 1 ; ir (gas) 
2990, 2200, 1450, 1307. 
(10) From the reaction of potassium azodicarboxylate and acetic 
acid-0-d (98%) in ethanol-0-d (99.5%). 
(11) Aldrich, "Super-Deuteride", 98% d. 
(12) Generated from the rea·ction of lithium aluminum deuteried 
(98% d, Aldrich) and boron trifluoride etherate. 
